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1 Introduction
The onion thrips (Thrips tabaci Lindeman) is one of the 
most important insect pests of onions and cabbages, but it 
also feeds on a wide variety of field crops including but not 
limited to: tobacco, cucumber, tomato and pepper (sHel-
ton et al., 1982, orosz et al., 2008, diAz-montAno et 
al., 2011). The onion thrips was the first recognised vector 
of the tomato spotted wilt virus (PittmAn, 1927). Accord-
ing to Zawirska (1976), there are two subspecies of T. ta-
baci: members of the group Thrips tabaci ‘communis’ are 
only females, therefore, reproduction is restricted to parthe-
nogenesis and they feed on a wide variety of crops. In con-
trast, members of the subspecies Thrips tabaci ‘tabaci’ only 
feed on tobacco, and are capable of sexual reproduction, but 
without copulation, all the offspring are males. After mat-
ing the offspring are either males or females (leWis, 1973). 
Based on genetic analysis, T. tabaci has been proposed to 
form a cryptic species complex. Using RAPD-PCR analysis, 
klein and GAFni (1996) found an intraspecific molecular 
variability among T. tabaci samples collected from three 
onion fields. Also, Jenser et al. (2001) documented ge-
netic diversity with RAPD-PCR method between popula-
tions of T. tabaci collected from tobacco and onion. There 
is no external morphological difference between the adults 
of the two subspecies (zAWirskA, 1976), but based on mi-
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Zusammenfassung
Der Zwiebelthrips (Thrips tabaci Lindeman) ist eines der bedeutendsten Schadinsekten an einer Vielzahl von Kultur-
pflanzen. T. tabaci ist ein Komplex von kryptischen Arten, die Adulten sind anhand morphologischer Merkmale nicht 
zu unterscheiden. Eine Untersuchung der mitochondriellen DNS (wie der Cytochrome-c-Oxidase Untereinheit I 
(COI)) macht eine Unterscheidung möglich. Basierend auf ihren DNS-Sequenzen konnten drei Linien von T. tabaci 
nachgewiesen werden. Diese phylogenetischen Gruppen sind: ein mit Tabak assoziierter arrhenotoker Typus, ein mit 
Lauch assoziierter arrhenotoker Typus und ein thelytoker, mit Lauch assoziierter Typus. Im Rahmen dieser Studie 
wurden alle derzeit in der Datenbank des National Center for Biotechnology Information (NCBI)verfügbaren COI 
Gensequenzen des T. tabaci mit den Daten der vorliegenden Arbeit verglichen.
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Summary
The onion thrips (Thrips tabaci Lindeman) are one of the most important insect pests of a wide range of crops. T. 
tabaci is a cryptic species complex; the adults are undistinguishable based on morphological characters. The examina-
tion of mitochondrial DNA sequences (like the cytochrome-c oxidase subunit I, COI) makes the distinguishing pos-
sible. Based on mitochondrial DNA-sequences, three lineages of T. tabaci have been established. These phylogenetic 
groups are: arrhenotokous tobacco-associated type, arrhenotokous leek-associated type and thelytokous leek-associat-
ed type. This study aims to review all the currently available T. tabaci COI gene sequences in the National Center for 
Biotechnology Information (NCBI) database and compare it with our data.
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tochondrial DNA-sequences, three lineages of T. tabaci 
have been established (brunner et al., 2004). The three 
groups are the so-called L1, L2 (leek-associated) lineages 
and T (tobacco-associated) lineage. Later on, todA and 
murAi (2007) proposed that the reproductive mode of L1 
and L2 was arrhenotoky and thelytoky, respectively. Ac-
cording to the above mentioned studies, the three known 
phylogenetic groups of T. tabaci are: arrhenotokous tobac-
co-associated type, arrhenotokous leek-associated type and 
thelytokous leek-associated type. To discriminate the two 
different reproductive modes tAkeuCHi and todA (2011) 
suggested the use of a PCR-RFLP method but Kobayashi 
and Hasegawa (2012) established a simple method (PCR-
SSP) they claimed would work well on most populations.
In the database of GenBank, the number of available T. 
tabaci mitochondrial DNA-sequences is continuously in-
creasing.
We aim to review all the currently available T. tabaci COI 
gene sequences from the National Center for Biotechnology 
Information (NCBI, http://www.ncbi.nlm.nih.gov/) data-
base and compare them with our samples.
2 Materials and methods
2.1 Thrips samples
The T. tabaci samples used in the comparative analysis were 
collected from different host plants in Hungary (Table 1). 
The Cab_TH1 sample derived from a thelytokous popula-
tion, consisting of females only appeared for several genera-
tions. Thelytokous thrips were reared on cabbage leaf 
(Brassica oleracea L.) under laboratory conditions (16L: 
8D, 23 °C). Allium_Ar 1, Tob_Ar1 and Tob_Ar2 samples 
were assumed to be arrhenotokous because of the presence 
of males in the population. Allium_Ar2 was a confirmed 
arrhenotokous line; offspring of the virgin females were all 
males. The uploading of the sequences to the NCBI data-
base is in progress.
2.2 DNA extraction and PCR amplification
Total genomic DNA was extracted from a single adult thrips 
based on the method of Kikkert et al. (2006). To amplify 
the cytochrome-c oxidase subunit I (COI) region of the 
mitochondrial DNA, we designed specific sense (5’-GTAGT-
GAAAGTGAGCTACAAC-3’) and antisense (5’-CGAT-
TAAATAATATAAGATTCTGACTWTTACC-3’) primers 
based on the T. tabaci COI gene sequences from the NCBI 
database.
2.3 Phylogenetic analysis
More than 200 COI gene sequences are available in the 
NCBI database. In the highlighted comparative analysis, 
the sequences were different in size (from 629 to 810 base 
pairs), therefore only a 345 bp region, the common sections 
were compared. The UPGMA (Jukes-Cantor) method was 
used for constructing the phylogenetic tree with high boot-
strap values, with the CLC Sequences Viewer programme. 
GenBank accession number and reproductive mode (if 
known) are included for each entry in the tree. Thrips im-
aginis was included as an outgroup species.
3 Results
The 780 bp region of the mitochondrial COI gene was suc-
cessfully amplified.
As expected, the comparison of all available T. tabaci COI 
gene sequences resulted in three distinct groups (not shown). 
We presented only those sequences in our analyses, where 
information about the mode of reproduction was available 
(male sample or reproductive mode confirmed by sex ratio 
in virgin progeny) (Figure 1). The common section was a 
345 bp region. 
The first group, which is called TH, consists of the all 
known thelytokous strains and the specimen Cab_Th1, 
which was collected from cabbage in Hungary. In addition, 
Table 1: Details of the collected samples (all sampled individuals are 
females)
Tabelle 1: Details zu den gesammelten Proben (alle gesammelten Indi-
viduen sind weiblich)
Sample name
Sequence 
length (bp)
Host plant
Reproductive 
mode
Cab Th1 780
Brassica 
oleracea
thelytokous
Allium Ar1 780 Allium cepa arrhenotokous
Allium Ar2 780 Allium cepa arrhenotokous
Tob Ar1 780
Nicotinia  
tabacum
arrhenotokous
Tob Ar2 780
Nicotinia  
tabacum
arrhenotokous
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two arrhenotokous individuals are found in this clade. 
soGo et al. (2014) found that two virgin arrhenotokous 
females (Genbank AB894100 and AB894102) fell within 
the thelytokous group. They mentioned these individuals 
to “new arrhenotokous”.
The second group, which is named AR, consists of all 
known arrhenotokous strains and male specimens. Allium_
Ar1 and Allium_Ar2 individuals, collected from onion in 
Hungary, belonged to this group too.
The third group, which is called Tob AR, consists of to-
bacco (Nicotinia spp.) associated specimens. The Tob_Ar1 
and Tob_Ar2 samples, which were collected from tobacco 
in Hungary, belonged to this group.
The nucleotide sequences were translated to protein se-
quences. In addition, we compared our sequences with the 
sequences of the same region from the database (Genbank 
AB262428-AB262444). These sequences particularly in-
cluded the whole region of our samples.
Since the amplified regions are fragments of the COI 
gene, they do not represent the whole protein. Based on the 
examined region (1–780 bp), and considering their amino 
acid sequences, all the substitutions were silent, except in six 
samples that were different from the rest.
The AB262442-43-44 and Cab_Th1 were different from 
the rest of the samples: in the position of the 149th amino 
acid in the examined protein sequences there is a basic ar-
ginine (R) instead of a hydrophilic serine (S) (Figure 2). The 
nucleic acid AB262438 codes serine (S) instead of threo-
nine (T) in the position of 53rd amino acid and the nu-
Figure 1: Phylogenetic tree of Thrips taba-
ci COI gene region
Abbildung 1: Stammbaum der Thrips tabaci 
COI-Genregion
 
 
 
Figure 1. Phylogenetic tree of Thrips tabaci COI gene region. 
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Figure 2: Multi-align of amino acid sequences 
of T. tabaci COI gene region
Abbildung 2: Multi-align der Aminosäuresequen-
zen von T. tabaci COI Genregion
 
 
 
 
 
Figure 2. Multi-align of amino acid sequences of T. tabaci COI gene region.  
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cleic acid AB262431 codes valine (V) instead of alanine (A) 
in the position of 79th amino acid.
4 Discussion
In the comparative study the 5 samples collected in Hun-
gary were placed in three different groups of the phyloge-
netic tree, and they meant at least one new haplotype 
contribution to each group. All the available nucleotide se-
quences of the NCBI database were placed in three groups, 
but the reproductive mode is not determined for most of the 
samples, thus it is still unclear, if the establishment of these 
groups coincides with differences in host fidelity and repro-
ductive mode of the specimens. soGo et al. (2014) sug-
gested that the methods currently used to distinguish the-
lytokous and arrhenotokous individuals (tAkeuCHi and 
todA 2011, kobAyAsHi and HAseGAWA 2012) need to be 
revised. The DNA sequences of these two “new arrhenotok-
ous” (Genbank AB894100 and AB894102) specimens, 
which have the same characteristic as thelytokous mito-
chondrial COI haplotype, were found in field populations 
in Japan (soGo et al., 2014). It is assumed that these rare 
arrhenotokous individuals were produced by successful 
mating between thelytokous females and arrhenotokous 
males. This hypothesis could explain why they reproduced 
by arrhenotoky and carried maternally inherited thelytok-
ous mitochondrial COI haplotype. Based on this assump-
tion, this record is the first report about gene-transfer be-
tween two different biotypes of T. tabaci in a sympatric field 
population. In a recent study li et al. (2015) showed that 
mating and gene transfer from arrhenotokous T. tabaci to 
thelytokous T. tabaci is possible in a laboratory population. 
For clarification of this hypotheses, further studies about T. 
tabaci mating behaviour are needed.
Our future goal is to establish clean laboratory cultures of 
each lineages of T. tabaci, and to develop a reliable and rapid 
method for the identification of these three different types. 
This method would also be helpful for further studies in-
volving different T. tabaci biotypes.
References
Brunner, P. C., E. K. CHAtziVAssiliou, N. I. KAtis & J. 
E. Frey (2004): Host-associated genetic differentiation in 
Thrips tabaci (Insecta; Thysanoptera), as determined from 
mtDNA sequence data. Heredity 93: 364–370.
DiAz-montAno, J., M. FuCHs, B. A. NAut, J. FAil & A. 
M. SHelton (2011): Onion thrips (Thysanoptera: Thrip-
idae): a global pest of increasing concern in onion. J. 
Econ. Entomol. 104: 1–13.
Jenser,­G.,­A.­szénási,­o.­törJek,­G.­GyulAi,­e.­kiss,­l.­
Heszky­&­J.­FAil (2001): Molecular polymorphism be-
tween population of Thrips tabaci Lindeman (Thysanop-
tera: Thripidae) propagating on tobacco and onion. Acta 
Phytopathol. Entomol. Hung. 36: 365–368.
kikkert,­J.­r.,­C.­A.­HoePtinG,­q.­Wu,­P.­WAnG,­r.­bAur­
&­A.­m.­sHelton (2006): Detection of Contarinia na-
sturtii (Diptera: Cecidomyiidae) in New York, a new pest 
of cruciferous plants in the United States. J. Econ Ento-
mol. 99: 1310–1315.
klein,­m.­&­r.­GAFni­(1996): Morphological and molecu-
lar variations in thrips populations collected on onion 
plants in Israel. Folia Ent. Hung. 57: 57–59.
kobAyAsHi,­k.­&­e.­HAseGAWA­(2012): Discrimination of 
reproductive forms of Thrips tabaci (Thysanoptera: 
Thripidae) by PCR with sequence speciftc primers. J. 
Econ Entomol 105: 555–559.
leWis, T. (1973): Thrips – Their Biology, Ecology and Eco-
nomic Importance. New York Academic Press, London.
li,­X.W.,­P.­WAnG,­J.­FAil­&­A.­m.­sHelton (2015): De-
tection of Gene Flow from Sexual to Asexual Lineages 
in Thrips tabaci (Thysanoptera: Thripidae). PLoS ONE 
 10(9): e0138353.
orosz,­s.­z.,­m.­JuHász,­G.­tókés­&­F.­tótH­(2008): 
Occurrence of Thrips tabaci larvae in the surroundings of 
sweet pepper greenhouses. Acta Phytopathol. Entomol. 
Hung. 43(2): 329–336.
PittmAn, H. A. (1927): Spotted wilt on tomatoes. Pre-
liminary note concerning the transmission of the spotted 
wilt of tomatoes by an insect vector (Thrips tabaci Lind). 
J. Counc. Sci. Ind. Res. 1: 74–77.
sHelton,­A.­m.,­J.­r.­stAmer,­W.­t.­Wilsey,­b.­o.­stoylA­
&­J.­t.­AndAloro­(1982): Onion thrips (Thysanoptera: 
Thripidae) damage and contamination in sauerkraut. 
Journal of Ecomomic Entomology 75(3): 492-494.
soGo,­k.,­k.­miurA,­m.­AizAWA,­t.­WAtAnAbe,­r.­stout-­
HAmer (2014): Genetic structure in relation to reproduc-
tion mode in Thrips tabaci (Insecta: Thysanoptera). Appl. 
Entomo.l Zool. DOI: 10.1007/s13355-014-0306-7.
tAkeuCHi,­r.,­s.­todA (2011): Discrimination of two re-
productive forms of Thrips tabaci by PCR-RFLP, and dis-
tribution of arrhenotokous T. tabaci in Tottori Prefecture. 
Jpn. J. Appl. Entomol. Zool. 55: 254–257.
Die Bodenkultur 45  66 (3–4) 2015
Comparative study of Thrips tabaci (Lindeman) cytochrome-c oxidase gene subunit I (COI) sequences data
todA,­s.­&­t.­murAi (2007): Phylogenetic analysis based 
on mitochondrial COI gene sequences in Thrips tabaci 
Lindeman (Thysanoptera: Thripidae) in relation to re-
productive forms and geographic distribution. Appl. En-
tomol. Zool. 42: 309–316.
zAWirskA, I. (1976): Untersuchungen über zwei biolo-
gische Typen von Thrips tabaci Lind. (Thysanoptera, 
Thripidae) in der VR Polen. Arch. Phytopathol. Plant 
Prot. 12: 411–422.
Address of authors
Annamária Sojnóczki, Dániel Reiter, Péter Farkas, 
József Fail, Department of Entomology, Faculty of Horti-
cultural Science, Corvinus University of Budapest, Villányi 
út 29-43, 1118 Budapest, Hungary
Éva Pájtli, Department of Plant Pathology, Faculty of Hor-
ticultural Science, Corvinus University of Budapest, Vil-
lányi Út 29-43, 1118 Budapest, Hungary
Corresponding author
József Fail, fail.jozsef@kertk.szie.hu
